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GRANULE-BOUND TYROSINASE: SOLUBILIZATION AND ITS RELATION TO THE 
SOLUBLE FORM OF TYROSINASE 
KuNJO IwATA , M.S.,* AND TAKUJJ TAKEUCHI, D.S. 
Biological Institute, Tohoku University, Aoba-yama, Sendai, Japan 
Disc gel electrophoresis of tyrosinase solubilized by sodium deoxycholate (DOC) from the 
particle fraction of B16 mouse melanoma was carried out in the presence of DOC. A single 
tyrosinase band, considered to be T3 , was detected at the Rx value of0.60 against Coomassie 
brilliant blue. The T:1 band which is located between T, and T~ seems to be distinct from the 
soluble forms of tyrosinase. Its molecular weight was estimated to be 102,000. When treated 
with proteolytic enzymes or refrigerated, the T~ molecule converted into a molecule whose 
mobility was equivalent to that ofT, . 
Mammalian tyrosinase (1.10.3.1.) which cata-
lyzes tyrosine and dopa conversion into melanin 
has multiple forms which can be resolved by disc 
gel electrophoresis. Burnett et al 11J demon-
strated in mouse melanoma the presence of three 
molecular forms of tyrosinase-soluble T, , T2 , and 
insoluble T3 . The soluble tyrosinases have been 
separated chromatographically and purified by 
many investigators l2-4]. The insoluble, granule-
bound tyrosinase, on the other hand, which bas 
been solubilized by isooctylphenoxypolyoxyethy-
lene ethanol (lPPEE) ll] and deoxycholate (DOC) 
f5], has been purified only by protease digestion of 
intracellular granules of mouse melanoma [5). Ac-
cording to Seiji et al l6], 10% of the tyrosinase ac-
tivity in a mouse melanoma is in the soluble forms 
and 90% is in a granule-bound form. T3 is located 
mainly in melanosomes, endoplasmic reticulum, 
and Golgi apparatus [6-8], and probably plays an 
essential role in melanogenesis. 
In this study we solubilized and separated the T~ 
form of tyrosinase from B16 mouse melanoma by 
means of disc gel electrophoresis in the presence of 
DOC. We have identified Ta in the soluble fraction 
and raise the possibility that soluble T, is derived 
from Ta. 
MATERIALS AND METHODS 
Extraction and solubilization of tyrosinase.The en-
zyme source used in this study was B16 mouse mela-
noma. Subcellular fractions were obtained by differen-
tial centrifugation as described by Seiji et a) 161. The 
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large and small granule fractions from 1 gm of mela-
noma were suspended in 0.5% DOC (1 ml and 0.5 ml , 
respectively) for 15 min at 4•c and were centrifuged at 
105,000 g for 60 min. The supernatant fractions were 
used as the crude extract. 
Tyrosinase activity and protein concentration. Tyro-
sinase activity was measured colorimetrically as dopa-
oxidase activity by means of a Hitachi double-beam 
spectrophotometer. The standard reaction mixture con-
sisted of 2.5 ml of 0.1% L-dopa in 0.1 M potassium phos-
phate buffer, pH 6.8, and 0.5 ml of the appropriate 
enzyme dilution in distilled water. The reaction took 
place at 3o•c. Absorbance at 475 nm, the absorption max-
imum of dopachrome, was measured for 10 min. The en-
zyme activity was expressed as ~E/min . Protein con-
centration was determined by the method of Lowry et 
al [91. 
Polyacrylamide gel electrophoresis and molecular 
weight estimation . Two electrophoretic methods were 
employed for the separation of tyrosinase bands. In the 
standard method, based on the Davis method 1101. the 
samples were mixed with 1/4 vol of1 M sucrose and were 
applied to the 7.5% acrylamide gel column. The electro-
phoresis was carried out at pH 8. 7 in Tris- .glycine buffer 
at 3 rnA per gel. After electrophoresis, the gel was 
neutralized in 0.5 M phosphate buffer, pH 6. 7, for 30 
min at room temperature and was incubated in 0. 1% L-
dopa in 0.1 M phosphate buffer, pH 6.8, for 30 min at 37• 
C. In the DOC method , 0.5% DOC was added to the 
spacer gel , 0.1% DOC to the separation gel and the 
electrode buffer . Coomassie brilliant blue R 250 or he-
moglobin was used as a tracking dye. 
The molecular weight of the solubilized tyrosinase 
was estimated by means of the polyacrylamide gel elec-
trophoretic method devised by Hedrick and Smith[llj 
modified so that DOC was added to the gel and the 
electrode buffer. After electrophoresis, the gels were 
soaked in 50% ethanol for 12 hr with two changes in 
order to remove DOC and to fix proteins. Chymotryp-
sinogen (mol wt 25,000), ovalbumin (monomer, mol wt 
45,000; dimer, mol wt 90,000), and bovine serum albu-
min (monomer, mol wt 67,000; dimer, mol wt 134,000; 
tetramer, mol wt 268,000) served as standard proteins. 
Proteins were stained with Coomassie brilliant blue R 
250 in 50% ethanol a nd 10% acetic acid, and decolorized 
with 10% acetic acid. Their R.r values together with that 
of T.1 were determined at gel concentration of 6, 7 .5, 9, 
and 10.5%. 
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Sephadex G-100 gel filtration of soluble tyrosinase. 
The soluble fraction was concentrated by dialysis 
against polyethylene glycol 6,000 at 4°C and was sub-
jected to gel filtra tion through a Sephadex G-100 col-
umn (1.6 x 60 em), equilibrated with a 0.01 M potas-
sium phosphate buffer, pH 7.4. Elution was performed 
with the same buffer. Fractions of 3 ml were collected, 
analyzed for tyrosinase activity, and subjected to gel 
electrophoresis. 
Effects of proteolytic enzymes on tyrosinase solubi-
lized by DOC from the large-granule fraction. The crude 
extract. from the large-granule fraction (0.5 ml, protein 
concentration, about 2 mg/mi) was treated with an 
equal volume of trypsin (Sigma, Type 1), Pronase 
(Kaken), and Bioprase pure (Nagase) at a concentra-
t ion of 90 to 110 1-1-g/ml in 0 .1 M Tris-HCI buffer, pH 7 .5, 
at 4°C or 37°C for 15 hr. After the enzyme treatment. 
the samples were analyzed for tyrosinase activity and 
were subjected to electrophoresis. As a control, Tris-
HCl buffer and the crude extract were mixed and incu-
bated in the same manner. 
RESULTS 
When the large-granule fraction which contains 
melanosomes was treated with DOC. the amount 
of tyrosinase activity solubilized increased as the 
DOC concentration was increased (Fig. 1). About 
70% of the tyrosinase activity was solubilized by 
0.5o/c DOC, a concentrat ion which coincided with 
the critical micelle concentration of DOC. The ty-
rosinase activity in the supernatant fraction de-
clined somewhat in higher concentrations of DOC. 
Therefore, it seems likely that the T:1 fraction is 
solubilized by DOC from organelles including mel-
anosomes but that tyrosinase activity may be in-
hibited by DOC at higher concentrations. DOC 
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FIG. 1. Solubilization of tyrosinase from the large-
granule fraction by DOC. The large-granule fractions 
from 1 gm of B16 melanoma were suspended in 1 ml of 
various concentrations of DOC for 15 min at 4°C. The 
fractions were centrifuged at.105,000g for 60 min. Tyro-
sinase activity is presented relative to the control con-
taining no DOC. 
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(0.5%) has been used subsequently to solubilize 
granule-bound tyrosinase. 
DOC-solubilized large-granule fraction was sub-
jected to electrophoresis by two methods. With the 
standard method, the tyrosinase band was not 
detected in the separation gel (Fig. 2a lower). 
There was dopa oxidase activity between the 
spacer gel and the separation gel. Therefore, it 
seems probable that T:1 reaggregates when DOC is 
removed in the electrophoresis. By using the DOC 
method, a band was detected at an Rx value of 0. 76 
against hemoglobin and 0.60 against Coomassie 
brilliant blue (Fig. 2a upper). This band is consid-
ered to be T~. Tyrosinase solubilized from the 
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FIG. 2. Electrophoretic patterns of tyrosinase after 
dopa reaction. Upper columns , the DOC method; lower 
columns, the standard method. ln the DOC method, 
0.5% DOC was added to the spacer gel , 0.1% to the 
separation gel and the electrode buffer. a: Large-gran-
ule fraction. b: Small-granule fraction. c: Soluble frac-
twn. 
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small-granule fraction migrated the same as that 
from the large-granule fraction (Fig. 2b). When 
the soluble fraction was subjected to DOC electro-
phoresis, three dopa oxidase bands, Tt. T2, and T3, 
were detected (Fig. 2c upper), whereas two bands, 
T and T.. were detected with the standard method I -> (Fig. 2c lower). 
In order to analyze these components, we car-
ried out Sephadex G-100 gel filtrtion. The elution 
pattern showed three overlapping peaks .of tyro-
sinase activity (Fig. 3). When each fractwn was 
subjected to standard electrophoresis, no band was 
detected with peak I , while peaks II and ill repre-
sented T1 and T~, respectively. With the DOC 
method it was shown that peak I consisted mainly 
of a molecule whose mobility was equivalent to T:t 
from the large-granule fraction. The T1 band was 
found between the T1 (R.,. = 0.80 against hemoglo-
bin, R.,. = 0.67 against Coomassie brilliant blue) 
and the T~(R.r = 0.67 against hemoglobin , R.,. = 
0.55 against Coomassie brilliant blue). 
The molecular weight ofTa from the large-gran-
ule fraction was estimated from the slope of the 
Ferguson plot. The value of 102,000 is much 
greater than that of T1 (32,000-80,000) reported 
previously [1,12,13]. 
The crude extract of tyrosinase T3 solubilized 
from the large-granule fraction was treated with 
trypsin, Pronase, or Bioprase pure. The tyrosinase 
activity decreased at 37°C to approximately 50%-
in each case, whereas about 90o/c of the activity 
remained at 4°C (data not shown). After the pro-
tease treatment at 37°C, the electropherogram 
showed in each case that the T:1 band was lost and 
a new band appeared with mobili ty comparable to 
that of T1 (Fig. 4F,G,H). Protease treatment 
seems to convert T1 into a T 1-like molecule. The 
conversion was seen by treating with Bioprase 
pure and trypsin at 4° C fFig. 4C ,D ). Incubation of 
the tyrosinase preparation without proteases re-
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FIG. 3. Gel filtration of soluble tyrosinase and zymo-
grams of the tyrosinase bands by disc electrophoresis 
using the DOC and the standard ~ethods. The soluble 
fraction was subjected to gel filtration through a Sepha-
dex G-100 column (1.6 x 60 em). equilibrated with a 
0.01 M potassium phosphate buffer , pH 7 .. 4. Fracti<?n~ of 
3 ml were collected, analyzed for tyrosmase actJvJty, 
and subjected to gel electrophoresis. Bars indicate rela-
tive intensities of tyrosinase bands. 
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FIG.4. Electrophoretic patterns of tyrosinase after 
treatment with pro teases. The crude. extract from .the 
large-granule fraction (0.5 ml, protem concentration, 
about 2 mg/ml) was treated with an equal volume of 
Pronase (B and F l, Bioprase pure (C and G), and tryp-
sin <D and H ) at the concentration of90 to 110 ~g/ml in 
0.1 M Tris-HCI buffer, pH 7.5, at 4°C <A -Dl or 37°C 
lE-H ) for 15 hr. A and E = control. 
sulted in a slight increase in enzyme activity (data 
not shown) and a shift of mobility ofT:1 to that ofT1 (Fig. 4E). 
In order to ascertain that the molecule that 
converts to T1 is not inactive protyrosinase butT~. 
we partially purified 'I\ from the large-granuJe 
fraction of B16 mouse melanoma by (NH.)~So., 
Sephadex G-100, and DEAE cellulose chromat?g-
raphy (purification: about 60-fold). TheTa fractiOn 
was refrigerated at 4°C for 15 days, analyzed for 
tyrosinase activity, and subjected to standard and 
DOC electrophoresis. No change in enzyme activ-
ity was observed during the incubation (data not 
shown). With the standard method, a band with 
dopa-oxidase activity appeared at the mobility 
equivalent to T1 (Fig. 5B). With the DOC method, 
a T1-equivalent band appeared in addition to the 
Ta band <Fig. 5A). Therefore. it seems likely th~t 
the molecule whose mobilHy is equivalent to T1 1s 
a derivative ofT:1 and identical with soluble T 1. 
DISCUSSION 
High-speed supernatant fractions from homog~­
nates of either mouse melanoma m· mouse hatr 
bulbs of a black phenotype have been reported to 
contain soluble tyrosinase in two molecular forms, 
T 1 and T~ Ill. On the other hand, granule-bound 
tyrosinase, T:1, has been solubilized by treating the 
granule fraction with dispersing agents 11] or pro-
teolytic enzymes 151. As the granule-bound ~y~o­
sinase accounts for 90% of the tyrosinase act1v1ty 
in the mouse melanin-forming celli 61, it is neces-
sary to elucidate the nature of the granule-bo~;~nd 
tyrosinase in order to understand the mechamsm 
of melanogenesis. . . 
The granule-bound tyrosinase was solub1hzed 
from the large-granule fraction by DOC and was 
detected as a single major band by DOC-polyacryl-
amide gel electrophoresis. The band was different 
from that of the soluble tyrosinases. Therefore, 
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Fie. 5. Electrophoretic patterns of tyrosinase after 
incubation at 4°C. T,. fraction- partially purified from 
the large-granule fraction was incubated at 4° C. A : The 
DOC method. B : The standard method. Numbers indi-
cate the periods of incubation in hr. 
solubilized T:1 is a molecule distinct from either T , 
or T~. The DOC method seems to be suitable for 
detection of the granule-bound tyrosinase and of 
the granule-bound and soluble tyrosinases in one 
gel. 
Burnett et al Ill reported that the granule-
bound tyrosinase, Taa, was solubilized by treating 
the granule fraction of mouse melanomas with 
IPPEE. The solubilized tyrosinase, T:,m , had 
less anodic mobility CRr = 0.40, 0.23 , 0.16, 0.13) 
than T, or T2 in acrylamide gel electrophoresis. 
Seiji et al [14], on the other hand, reported that 
tyrosinase solubilized from smooth-surfaced mem-
branes migrated as a single band with a mobility 
CR.r = 0.37) equivalent to that of one of the Tam en-
zymes described by Burnett et a!. Recently, 
Quevedo et al [15] obtained a soluble tyrosinase by 
treating the microsomal fraction of the mouse mel-
anoma and hair bulbs with trypsin. The mobility 
(R,. = 0.62-0.65) closely approximated that ofT,. 
In their case, detergent treatment of the microso-
mal fraction resulted in a slow-moving band, T, 
CR.r = 0.15). In addition, trypsin treatment of Ts 
led to an increased activity in the T, band. They 
assumed that T, consists at least in part. ofT, and 
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they concluded that no inactive soluble protyrosi-
nase gave rise to active tyrosinase by proteolytic 
activity. 
The 'r~ band described by Quevedo et al 1151 
seems to be identical with t heTa form of tyrosinase 
we have detected by DOC electrophoresis. We ob-
tained a band with an R.r value of 0.2 against 
bromophenol blue when the large-granule fraction 
solubilized with DOC was subjected to electropho-
resis in the presence of 0.5~ Triton X-100. We 
demonstrated that the soluble fraction of mela-
noma contains the T;, form of tyrosinase and that 
the enzyme can be separated by either gel filtra-
tion or lhe DOC method from the T, and T~ forms . 
Proteolytic treatment resulted in a shift of the 
mobility of t.he solubilized T:1 into an enzyme 
equivalent toT,. Therefore, it is conceivable that 
the T, form of tyrosinase arises from the Ts form 
by enzymatic digestion. Our results together with 
Quevedo et al's led us to an assumption that solu-
ble T 1 is derived by proteolysis from granule-
bound T:, in mammalian melanocytes. The T:s frac-
tion we obtained ma,v contain proteolytic enzyme 
activity since refrigeration of the T:s fraction with-
out enzymatic treatment resulted in the conver-
sion ofTa into a T,-1ike molecule. It remains uncer-
tain at present whether lhese processing reactions 
are intrinsically functional or are artifacts of ex-
traction. 
We thank Dr. W. C. Quevedo, Jr. of Brown Univer-
sity for his helpful discussion. 
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